Abstract. The microwave-assisted extraction conditions of flavonoids in Physalis alkekengi. var. franchetii stems were optimized using a L3 3 Box-Behnken Design. The optimized extraction conditions were determined as follows: 60% for the ethanol concentration, 12.4 for the liquid-to-solid ratio, and 531.4 W for the microwave power, respectively. The yield of the extract obtained under the optimized conditions was 3.85 mg g −1 which was close to the predicted value. In addition, the extract exhibited potent acetylcholinesterase inhibitory activity, with the IC 50 value of 11.61 μg mL −1 and a maximal inhibition ratio 89.81%. Both the yield and activity were better than reflux extraction. Key words: Physalis alkekengi. var. franchetii Stems; Flavonoids; Microwave-assisted Extraction; Response Surface Methodology; Acetylcholinesterase inhibitors.
Introduction
Physalis alkekengi. var. franchetii (Solanaceae) is a traditional Chinese herbal medicine which has been reported to exhibit a variety of pharmaceutical effects, such as antitumor [1] and antimalarial [2] , as well as antimycobacterial, anti-inflammatory actions [3] . More recently, a variety of bioactive compounds were reported from Physalis alkekengi. var. franchetii, such as, steroids, sterols [4] , flavonoids, alkaloids, and inorganic elements [5] . As one of main constituents of Physalis alkekengi. var. franchetii [6] , flavonoids exhibit a variety of physiological effects including anti-influenz [7] , immunomodulatory, antiinflammatory [8] , anti-cancer [9] , antioxidant and free radical scavenging properties [10] and acetylcholinesterase inhibitory activity [11] . Flavonoids are existing widely in plants and more than 8000 different flavonoids have been identified [12] . Many of them have been applied in the field of nutraceuticals and pharmaceuticals. Therefore, the flavonoids in Physalis alkekengi. var. franchetii have the potential for commercial application.
Acetylcholinesterase is the enzyme that hydrolyzes acetylcholine in the cholinergic nervous system. However, it can cause Alzheimer's disease (AD) if present in high concentrations [13] . The most common symptoms include aphasia and memory impairment [14] . Acetylcholesterase inhibitors are widely used for the treatment of AD and these can be divided into chemically synthesized and natural products. Both galanthamine and huperzine A, natural products that exhibit effective acetylcholinesterase inhibitory activity [15] . Bioactive screening of acetylcholinesterase inhibitors by Ellman's was high-performance method in phytochemistry area, and a number of researchers have become interested in acetylcholinesterase inhibitors and bioassay-guided fractionation for natural products.
The extraction method used is an important factor in any analysis of the chemical constituents. Microwave-assisted extraction is widely used for extracting biologically active compounds from different natural products. Ionic conduction and dipole rotation are the principles of heating by microwave energy [16] . On the basis of the principles and study reports, microwave-assisted extraction is able to significantly reduce the extraction time, the amount of organic solvents required and increase the yields compared with conventional extraction techniques [17] . In addition, response surface methodology (RSM) is one of the most widely applied statistical methods. It has a high degree of accuracy for determining the relationship between various parameters and responses and examining the interaction between variables. The Box-Bhenken design (BBD) was used for designing the experiments to evaluate the nonlinear relationship between response values and factors. It has the advantage of being able to reduce the combinations compared with the other designs [18] .
The inhibition of acetylcholinesterase activity and research potential for flavonoids of Physalis alkekengi. var. franchetii stems prompted us to examine studies to the microwave-assisted extraction conditions by Response Surface Methodology based on single factorial experiments to select five conditions for optimizing the procedure (ethanol concentration, extraction time, number of extractions, liquid-to-solid ratio, and microwave power). In this study, the objective was to investigate the extraction conditions for flavonoids and inhibition of acetylcholinesterase activity of Physalis alkekengi. var. franchetii stems. Finally, the optimized extraction conditions were considered for application on a laboratory or industrial scale.
Results and Discussion

Effects of the ethanol concentration
The ethanol concentration ranged from 50% to 70%, and the other extraction conditions were fixed as follows: extraction time 12 min, number of extractions two, liquid-to-solid ratio 12, and microwave power 440 W. The yields of flavonoids gradually increased and when the ethanol concentration reached 70%, the flavonoid yield reached a maximum. Also, as the ethanol concentration increased the extraction yields fell markedly (Fig. 1A) . Hence, the ethanol concentration has an important influence on the yield.
Effects of the extraction time
This study was carried out to examine the effect of the extraction time on the extraction efficiency (Fig. 1B) . A range of extraction times (4 min, 6 min, 8 min, 10 min, 12 min) were selected for the experiments, with the other extraction condi- 
Optimization of Extraction Conditions for Flavonoids of Physalis alkekengi var. franchetii Stems
61
tions fixed as follows: ethanol concentration 70%, number of extractions two, liquid-to-solid ratio 12 and microwave power 440 W. From 4 min to 10 min, the yields increased slightly. However, the yield fell when the extraction time reached 12 min, but the change was not significant. Solvent evaporation was the reason for this. Therefore, the extraction time was set at 10 min in further experiments.
Effects of the number of extractions
To investigate the effect of the number of extractions on the yield of flavonoids, the number of extractions was carried out from one to five times ( Fig. 1C) , while the other extraction conditions was fixed as follows: ethanol concentration 70%, extraction time 12 min, liquid-to-solid ratio 12 and microwave power 440 W. As the number of extractions increased the yield of flavonoids increased. However, there was no significant increase between two from five extractions. Furthermore, the experimental cost of five extractios was substantial for industrial scale compared with two extractions. Meanwhile, the average time needed for each extraction was approximately 25 min and so the five extractions took 75 min longer than two extractions. Therefore, to save manpower, reduce the cost, and save time, two extractions were found to be most appropriate.
Effects of the liquid-to-solid ratio
The effect of liquid-to-solid ratio ( Fig. 1D ) was found to have a highly significant effect on the yield of the flavonoids in Physalis alkekengi.var. franchetii stems, the other extraction conditions was fixed as follows: ethanol concentration 70%, extraction time 12 min, number of extractions two and microwave power 440 W. Increasing the liquid-to-solid ratio from 8 to 12 led to a marked increase in the extraction yield. If the liquid-to-solid ratio exceeded 12, the extraction yields were markedly reduced. The possible reason for this is that too high a liquid-to-solid ratio leads to microwave energy being dissipated by the shaking mixture and excessive swelling of plant materials [16, 19] .
Effects of the microwave power
To examine the effect of microwave power on the extraction efficiency ( Fig. 1E ), the microwave power was set at 80 W, 240 W, 440 W, 640 W and 800 W, while the other extraction conditions were fixed as follows: ethanol concentration 70%, extraction time 12min, number of extractions two, liquid-to-solid ratio 12. It was observed that the yields markedly increased over the range from 80 W to 440 W but then the yield fell markedly when the microwave power exceeded 440 W. If the microwave power was too high it decomposed the thermolabile flavonoids, thereby leading to a reduced yield [20] . Therefore, the microwave power is a main factor in the procedure.
Optimization of microwave-assisted extraction conditions of flavonoids by RSM
According to the modeling and statistical analyses (Tables 1  and 2 ) using Design Expert 8, data were analyzed to fit the following polynomial equation to Y (the yields of flavonoids in Physalis alkekengi. var. franchetii stems).
where X 1 is the ethanol concentration (%), X 2 is the liquid-tosolid ratio (mL g −1 ), and X 3 is the microwave power (W). The p value (0.02) of the model was lower than 0.05 ( Table  3) , indicating that the model fitness was significant. Also, the lack of fit was not significant, the coefficient of determination (R 2 ) was 0.8708. Thus, the experimental model was adequate. The p value (p < 0.01) of the ethanol concentration indicated that the ethanol concentration have a highly significant influence on flavonoid yields [21] . However, the p value of liquidto-solid ratio (p > 0.05) and microwave power (p > 0.05) have not significant influence on yields.
The two-dimensional contour plots and three-dimensional response surface was illustrated for each of the factors and interactions. The ethanol concentration and liquid-to-solid ratio had an effect on yield of flavonoids ( Figs. 2A and 3A) . If the value of liquid-to-solid ratio was in the middle and the ethanol concentration was in the lower region, the yield exhibited a significant increase. However, as the ethanol concentration increased, the yield began to decrease [22] . The interactions between the ethanol concentration and the liquid-to-solid ratio was not significant [23] . The interactions of the ethanol concentration and microwave power shown clearly affected the yield (Figs. 2B and 3B) . With an increase in ethanol concentration increased if the microwave power was low. However, the yield was reduced at a higher microwave power but this was not significant [24] . On increasing the microwave power, an increase in the liquid-to-solid ratio resulted in the maximum yield. However, the trend was reversed with a further increase in the liquid-to-solid ratio and microwave power (Figs. 2C and 3C) .
Ultimately, the optimum values for each of the factors were 60% for the ethanol concentration, 12.4 for the liquidto-solid ratio, and 531.4 W for the microwave power. The experimental value to predict of the extraction yield of flavonoids under optimized conditions was 3.87 mg g −1 .
Experiment validation
In order to validate the suitability of the model to predict the extraction yield, the experiment was carried out at a 60% ethanol concentration, 12.4 for liquid-to-solid ratio, and 531.4 W for microwave power. Also three replicates were carried out under the conditions chosen. The results showed that the average maximum yield was 3.85 mg g −1 which was close to the predicted value and its RSD was 1.2% (lower than 5%). Therefore, the microwave-assisted extraction conditions for flavonoids of Physalis alkekengi. var. franchetii stems optimized by BBD are both accurate and reliable [25] .
Inhibition of acetylcholinesterase activity
According to the results calculated by SPSS 18.0 for the inhibition of acetylcholinesterase activity assay, the IC 50 value of the extracts under the optimized conditions is 11.61 μg mL −1 and the maximal inhibition ratio was 89.81% (Table 4 and Fig.  4 ) [26] . Hence, the extracts under optimized conditions were good effective in inhibiting acetylcholinesterase. The results obtained suggest that flavonoids play important role in acetylcholinesterase inhibitors. [27] . 
Comparison of extract under optimized microwaveassised extraction conditions with reflux extraction
The reflux extraction fixed as follows: ethanol concentration 60%, extraction time 1h, number of extractions two, liquidto-solid ratio 12 and temperature of reflux 70 °C. The average yields was 3.24 mg g −1 , with an IC 50 value of 29.97 μg mL −1 and a maximum inhibition ratio of 84.58% (Table 4 ). The results showed that the yield and activity of microwave-assisted extraction under optimized conditions were increases compare with reflux extraction (Table 5 and Fig. 4) . So the yield and activity under optimized microwave-assisted extraction conditions are better than reflux extraction.
Conclusion
Optimization of the microwave-assisted extraction conditions for flavonoids of Physalis alkekengi. var. franchetii stems by using the BBD of the three-factor three-level system on the basis of a single factor is both appropriate and accurate. The result of experiment validation showed that the data was close to the predicted value. Meanwhile, the extract under optimized microwave-assisted extraction conditions was good effect in inhibition of acetylcholinesterase activity and flavonoids play an important role in acetylcholinesterase inhibitors. Furthermore, microwave-assisted extraction under optimized conditions compare with reflux extraction in terms of yield and activity are better. In conclusion, the results can provide a theoretical basis for bioassay-guided fractionation of acetylcholinesterase inhibitory activity for the flavonoids of Physalis alkekengi. var. franchetii stems.
Experimental Extraction of flavonoids
Dried Physalis alkekengi. var. franchetii stems were finely crushed and 2g samples of the powder were used. Factorial experiments were used to examine the experimental conditions [28] , and involving the microwave-assisted extraction applied to different parameters including ethanol concentration, extraction time, number of extractions, liquid-to-solid ratio, as well as the microwave irradiation power. The extracts were filtered under vacuum, enriched by rotary evaporation and collected in a volumetric flask [29] . Furthermore, an experiment of comparison by reflux extraction was conducted.
Standard curve of flavonoids
The yields of flavonoids in the extracts of Physalis alkekengi. var. franchetii stems were measured with a chromogenic system of NaNO 2 -Al(NO 3 ) 3 -NaOH. In these studies, Rutin was used as a standard and stock solutions of rutin (0.20 mg mL −1 ) of were prepared in methanol [30] . Then, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 mL samples of the rutin standard stock solution of and water respectively was placed in 25 mL volumetric flasks. Then, 1mL 5% sodium nitrite solution was added to each flask followed by shaking, and the flasks were then allowed to stand for 6 min. This was followed by the addition of 1 mL 10% aluminum chloride with shaking. After standing for another 6 min, 1mL 5% sodium hydroxide was added. A series of standard solutions of the flavonoids at a concentration of 0.008, 0.016, 0.024, 0.032, 0.040 and 0.048 mg mL −1 were prepared by appropriate dilution of the stock solutions with methanol. The absorbance of each solution was measured UV-VIS-NIR spectroscopy at 510 nm and drawn a curve of rutin was obtained. The extraction yield of flavonoids in the extracts of Physalis alkekengi. var. franchetii stems was determined using this standard curve. The linear regression equation of the standard curve was A510 = 9.9571 C-0.0188, R 2 = 0.9997, where A510 is the absorbance at 510 nm and the C is the concentration of rutin (mg mL −1 ), with the concentration of flavonoids ranging from 0.008 to 0.048 mg mL −1 . The yields of flavonoids in the Physalis alkekengi. var. franchetii stems were obtained as follows:
where C is the flavonoid concentration of the diluted samples (mg mL −1 ), V 1 is the constant volume of the solvent of the extracts to be measured, V 2 is the volume of the solution that was diluted (mL), and V 3 is the constant volume of solution to be tested (mL). M is the weight of the powder sample of Physalis alkekengi. var. franchetii stems.
Experimental design
Optimizing microwave-assisted extraction conditions was carried out by three-factor three-level BBD based on the single factor experimental results to examine the effect of different parameters, namely, the ethanol concentration, the extraction time, the number of extractions, the liquid-to-solid ratio, as well as microwave irradiation power on the extraction yields of flavonoids in the Physalis alkekengi. var. franchetii stems [31] . -not determined.
The independent variables were coded at three levels (−1, 0, and 1) and the each factor and level was selected on the basis of preliminary single experiments for a suitable range [32] . The complete experimental design consisted of 17 experimental points. The independent variable x i was coded as X i according to equation 1.
where X i is the coded value of an independent variable, x i is the actual value of an independent variable, x 0 is the actual value of an independent variable at the center point, and Δx i is the value of the step change. This design was conducted using a second-order polynomial model involving the response surface regression procedure of a statistical analysis system based on Box-Bhenken model, The form of polynomial equation 2 was as follows.
where Y is the predicted response, β i , β ii , Σβ ii and Σβ ij are the regression coefficients for the intercept, linearity, square and interaction, respectively, while X i and X j are independent variables [33] .
Determination of the inhibition of acetylcholinesterase activity
The substrate acetylthiocholine was hydrolyzed by acetylcholinesterase to produce thiocholine , then the thiocholine interacted with DTNB to give a yellow color. Using an Ellman assay, the half maximal inhibitory concentration (IC 50 ) was calculated for extracts with a range of concentrations (2, 10, 30, 60, 100, 150, 200 μg mL −1 ) [34] on the optimized conditions and Huperzine A was used as a standard. The each of the wells of 96-microtiter well plates was added 140 μL phosphate buffer (0.1 M pH 7.4), 20 μL of different concentrations of sample, 15 μL acetylcholinesterase (0.4 U mL −1 ), followed by incubating for 20 min at 4 °C. Then, 10 μL ATCI and 20 μL DTNB were added, followed by incubating for 30 min at 37 °C. The absorbance of each sample (A s ) was measured at 405 nm using a microplate reader [35] . The blank group contained all components except sample (A 0 ), the background group (A b ) contain all components except acetylcholinesterase, complete inhibition group was 100 μg mL −1 Huperzine-A (A c ) was used as the substitute sample. The inhibition ratio was calculated using the equation. 
